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1

TURBINE ENGINE WITH THRUST
VECTORING EXHAUST NOZZLE

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to a turbine engine
and, 1n particular, to a turbine engine with a thrust vectoring
exhaust nozzle.

2. Background Information

A gas turbine engine may include an engine core housed
within an engine case. The engine case may extend from an
engine inlet to a thrust vectoring exhaust nozzle. A typical
thrust vectoring exhaust nozzle may include a plurality of
moving convergent and divergent flaps. Such convergent
and divergent flaps typically have complex geometries, and
are arranged outside of the engine case.

SUMMARY OF THE DISCLOSURE

According to a first aspect of the mmvention, a turbine
engine exhaust nozzle includes a core gas duct, a nozzle
duct, and a thrust vectoring duct system having a duct valve,
a first vectoring duct and a second vectoring duct. The
nozzle duct directs a first portion of core gas from the core
gas duct through a nozzle duct outlet along a centerline. The
duct valve connects the core gas duct to the first vectoring
duct during a first mode of operation, and connects the core
gas duct to the second vectoring duct during a second mode
of operation. The first vectoring duct directs a second
portion of core gas from the core gas duct through a first
vectoring duct outlet along a first trajectory. The second
vectoring duct directs a third portion of core gas from the
core gas duct through a second vectoring duct outlet along
a second trajectory that 1s angularly offset to the first
trajectory.

According to a second aspect of the invention, a gas
turbine engine includes an engine core and a nozzle. The
engine core includes a compressor section, a combustor
section and a turbine section. The nozzle receives core gas
from the engine core through a core gas duct, and includes
a nozzle duct and a thrust vectoring duct system. The nozzle
duct directs a first portion of core gas from the core gas duct
through a nozzle duct outlet along a centerline. The thrust
vectoring duct system includes a duct valve that connects the
core gas duct to a first vectoring duct during a first mode of
operation, and connects the core gas duct to a second
vectoring duct during a second mode of operation. The first
vectoring duct directs a second portion of core gas from the
core gas duct through a first vectoring duct outlet along a
first trajectory. The second vectoring duct directs a third
portion of core gas from the core gas duct through a second
vectoring duct outlet along a second trajectory that 1s
angularly oflset to the first trajectory.

The foregoing features and the operation of the invention
will become more apparent 1n light of the following descrip-
tion and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustration of a gas turbine
engine;

FIG. 2 1s a perspective illustration of a thrust vectoring
exhaust nozzle arranged with a tail portion of an aircraft
airfoil:

FIG. 3 1s a sectional illustration of the exhaust nozzle
illustrated in FIG. 2 during a first mode of operation;

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 4 1s a sectional illustration of the exhaust nozzle
illustrated 1 FIG. 2 during a second mode of operation;

FIG. 5 1s a sectional illustration of another thrust vector-
ing exhaust nozzle during a third mode of operation; and

FIG. 6 1s an enlarged sectional illustration of a portion of

a vectoring duct included in the exhaust nozzle 1llustrated 1n
FIG. 5.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

FIG. 1 1s a block diagram 1illustration of a gas turbine
engine 10. The turbine engine 10 includes a turbine engine
core 12 arranged longitudinally (e.g., axially) between a
turbine engine inlet 14 and a (e.g., fixed) thrust vectoring
exhaust nozzle 16. The engine core 12 includes a compres-
sor section 18, a combustor section 20 and a turbine section
22.

FIG. 2 1s a perspective 1llustration of the exhaust nozzle
16 arranged with, for example, a tail portion of an airfoil of

an (e.g., flying wing) aircraft. FIG. 3 1s a sectional 1llustra-
tion of the exhaust nozzle 16. Referring to FIGS. 2 and 3, the
exhaust nozzle 16 includes a core gas duct 24, a central
nozzle duct 26, and one or more thrust vectoring duct
systems (e.g., 28 and 30). Referring to FIG. 3, the nozzle
duct 26 extends along a longitudinal centerline 32 between
a nozzle duct inlet 34 and a nozzle duct outlet 36, and may
laterally (e.g., radially) diverge towards the nozzle duct
outlet 36. The nozzle duct inlet 34, for example, may have
a first flow area 38 and the nozzle duct outlet 36 may have
a second tlow area 40 that 1s greater than the first flow area
38. The nozzle duct 26 includes one or more nozzle duct
walls 42 and 44 that are geometrically configured to direct
core gas through the nozzle duct outlet 36 along the cen-
terline 32. Each nozzle duct wall 42, 44, for example, may
include a nozzle duct wall end segment 46 that extends to the
nozzle duct outlet 36 substantially parallel to the centerline
32; e.g., less than about five to ten degrees angularly offset
from the centerline 32.

The first thrust vectoring system 28 may include a first
(e.g., a three-way) duct valve 48, a first (e.g., longitudinal)
vectoring duct 50, and a second (e.g., lateral) vectoring duct
52. The first duct valve 48 may include a valve plate 54, duct
valve 1nlet 56, a first duct valve outlet 58, and a second duct
valve outlet 60. The valve plate 54 may be pivotally
arranged between the first duct valve outlet 58 and second
duct valve outlet 60.

The first vectoring duct 50 extends between a first vec-
toring duct inlet 62 and a first vectoring duct outlet 64, and
may (e.g., laterally) diverge towards the first vectoring duct
outlet 64. The first vectoring duct inlet 62, for example, may
have a third tlow area 66, and the first vectoring duct outlet
64 may have a fourth flow area 68 that 1s greater than the
third flow area 66. In addition, the third flow area 66 may be
s1zed less than the first flow area 38. The first vectoring duct
50 includes one or more vectoring duct walls such as, for
example, the nozzle duct wall 42 and a first vectoring duct
wall 70, which are geometrically configured to direct core
gas through the first vectoring duct outlet 64 along a first
trajectory 72. The first trajectory 72 may be substantially
parallel to the centerline 32; e.g., less than about five to ten
degrees angularly oflset from the centerline 32. The first
vectoring duct wall 70, for example, may include a first
vectoring duct wall end segment 74 that extends to the first

vectoring duct outlet 64 substantially parallel to the center-
line 32.
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The second vectoring duct 52 extends between a second
vectoring duct inlet 76 having a fifth flow area 78 and a
second vectoring duct outlet 80 having a sixth flow areca 82.
The fifth flow area 78 may be substantially equal to the sixth
flow area 82 and/or third tlow area 66. The second vectoring
duct 52 includes one or more vectoring duct walls such as,
for example, the first vectoring duct wall 70 and one or more
second vectoring duct walls 84 and 86. The second vectoring
duct walls 84 and 86 are geometrically configured to direct
core gas through the second vectoring duct outlet 80 along
a second trajectory 88. The second trajectory 88 1s angularly
oflset from the first trajectory 72 (and the centerline 32) by
an oilset angle between about twenty to minety degrees (e.g.,
about thirty degrees). Each of the second vectoring duct
walls 84 and 86, for example, may include a second vec-
toring duct wall end segment 90 that extends to the second
vectoring duct outlet 80 and 1s angularly offset from the
centerline 32.

The second thrust vectoring system 30 may include a
second (e.g., three-way) duct valve 92, a first (e.g., longi-
tudinal) vectoring duct 94, and a second (e.g., lateral)
vectoring duct 96. The second duct valve 92 may 1nclude a
valve plate 98, duct valve inlet 100, a first duct valve outlet
102, and a second duct valve outlet 104. The valve plate 98
may be pivotally arranged between the first duct valve outlet
102 and second duct valve outlet 104.

The first vectoring duct 94 extends between a {first vec-
toring duct inlet 106 and a first vectoring duct outlet 108, and
may (e.g., laterally) diverge towards the first vectoring duct
outlet 108. The first vectoring duct inlet 106, for example,
may have a seventh flow area 110, and the first vectoring
duct outlet 108 may have an eighth flow area 112 that is
greater than the seventh flow area 110. In addition, the
seventh flow area 110 may be substantially equal to the third
flow area 66. The first vectoring duct 94 includes one or
more vectoring duct walls such as, for example, the nozzle
duct wall 44 and a first vectoring duct wall 114, which are
geometrically configured to direct core gas through the first
vectoring duct outlet 108 along a third trajectory 116. The
third trajectory 116 may be substantially parallel to the
centerline 32; e.g., less than about five to ten degrees
angularly offset from the centerline 32. The first vectoring
duct wall 114, for example, may include a first vectoring
duct wall end segment 118 that extends to the first vectoring
duct outlet 108 substantially parallel to the centerline 32.

The second vectoring duct 96 extends between a second
vectoring duct inlet 120 having a ninth flow area 122 and a
second vectoring duct outlet 124 having a tenth flow area
126. The ninth flow area 122 may be substantially equal to
the tenth tlow area 126 and/or seventh tlow area 110. The
second vectoring duct 96 includes one or more vectoring
duct walls such as, for example, the first vectoring duct wall
114 and one or more second vectoring duct walls 128 and
130. The second vectoring duct walls 128 and 130 are
geometrically configured to direct core gas through the
second vectoring duct outlet 124 along a fourth trajectory
132. The fourth trajectory 132 1s angularly oflset from the
third trajectory 116 (and the centerline 32) by an oflset angle
between about twenty to ninety degrees (e.g., about thirty
degrees). Fach of the second vectoring duct walls 128 and
130, for example, may include a second vectoring duct wall
end segment 134 that extends to the second vectoring duct
outlet 124 and 1s angularly oflset from the centerline 32.

The core gas duct 24 1s connected to the nozzle duct inlet
34 and each duct valve inlet 56 and 100. The first duct valve
outlets 538 and 102 are respectively connected to the first
vectoring duct inlets 62 and 106. The second duct valve
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outlets 60 and 104 are respectively connected to the second
vectoring duct inlets 76 and 120. The nozzle duct 26 1s
arranged (e.g., laterally) between the first thrust vectoring
system 28 and the second thrust vectoring system 30. Each
first vectoring duct 50 and 94 1s arranged (e.g., laterally)
between the nozzle duct 26 and the respective second
vectoring duct 52 and 96.

During engine operation, the exhaust nozzle 16 receives
core gas 136 from the engine core 12 (see FIG. 1) through
the core gas duct 24. The nozzle duct 26 directs a portion of
core gas 138 from the core gas duct 24 through the nozzle
duct outlet 36 along the centerline 32.

Retferring still to FIG. 3, in a first (e.g., non-thrust
vectoring) mode of operation, the first duct valve 48 and the
second duct valve 92 may be actuated to connect the core
gas duct 24 to the first vectoring ducts 50 and 94 and, for
example, disconnect the core gas duct 24 from the second
vectoring ducts 52 and 96. The valve plates 54 and 98, for
example, may be pivoted to open the first duct valve outlets
58 and 102 and close the respective second duct valve
outlets 60 and 104. The first vectoring duct 50 directs a
portion of core gas 140 from the core gas duct 24 through the
first vectoring duct outlet 64 along the first trajectory 72. The
first vectoring duct 94 directs a portion of core gas 142 (e.g.,
substantially equal to the portion of core gas 140) from the
core gas duct 24 through the first vectoring duct outlet 108
along the third trajectory 116. In this manner, the exhaust
nozzle 16 exhausts core gas from the turbine engine 10 to
provide substantially longitudinal thrust along the centerline
32.

Referring to FIG. 4, in a second (e.g., thrust vectoring)
mode of operation, the first duct valve 48 may be actuated
to connect the core gas duct 24 to the first vectoring duct 50
and, for example, disconnect the core gas duct 24 from the
second vectoring duct 32. The valve plate 54, for example,
may be pivoted to open the first duct valve outlet 38 and
close the second duct valve outlet 60. The second duct valve
92 may be actuated to connect the core gas duct 24 to the
second vectoring duct 96 and, for example, disconnect the
core gas duct 24 from the first vectoring duct 94. The valve
plate 98, for example, may be pivoted to open the second
duct valve outlet 104 and close the first duct valve outlet
102. The first vectoring duct 30 directs the portion of core
gas 140 from the core gas duct 24 through the first vectoring
duct outlet 64 along the first trajectory 72. The second
vectoring duct 96 directs a portion of core gas 144 (e.g.,
substantially equal to the portion of core gas 140) from the
core gas duct 24 through the second vectoring duct outlet
124 along the fourth trajectory 132. In this manner, the
exhaust nozzle 16 exhausts core gas from the turbine engine
10 to provide both longitudinal and lateral thrust. Depending
upon the configuration of the respective thrust vectoring
system, the lateral thrust may be utilized to alter aircraft yaw
and/or pitch.

Referring to FIG. 5, 1n a third (e.g., decelerating) mode of
operation, one or more of the duct valves 48 and 92 may be
actuated to connect the core gas duct 24 to the first vectoring
ducts 50 and 94 and the second vectoring ducts 52 and 96.
The valve plates 54 and 98, for example, may be respec-
tively pivoted to partially open both the first duct valve
outlets 38 and 102 and the second duct valve outlets 60 and
104. The first vectoring ducts 30 and 94 respectively direct
the portions of core gas 140 and 142 from the core gas duct
24 through the first vectoring duct outlets 64 and 108 along
the first and third trajectories 72 and 116. The second
vectoring ducts 52 and 96 respectively direct the portions of
core gas 146 and 144 from the core gas duct 24 through the
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second vectoring duct outlets 80 and 124 along the second
and fourth trajectories 88 and 132. In this manner, the
exhaust nozzle 16 may be utilized to relatively quickly
reduce longitudinal engine thrust without, for example,
altering aircraft yaw and pitch. Alternatively, the valve
plates 54 and 98 may be pivoted to close both first duct valve
outlets 58 and 102 to further reduce longitudinal engine
thrust.

Referring still to FIG. 5, another thrust vectoring exhaust
nozzle 148 1s 1llustrated having one or more thrust vectoring,
duct systems 150 and 152. In contrast to the thrust vectoring
duct systems 28 and 30 in FIGS. 3 and 4, the each thrust
vectoring duct system 150 and 152 also includes one or more
flow turning vanes 154. Referring to FIG. 6, the vanes 154
may be arranged 1n each second vectoring duct (e.g., 52) at,
for example, the second vectoring duct outlet (e.g., 80). The
vanes 154 1n the second vectoring duct 52, for example, may
be geometrically configured to direct core gas through the
respective second vectoring duct outlet 80 along the second
trajectory 88.

While various embodiments of the present invention have
been disclosed, 1t will be apparent to those of ordinary skall
in the art that many more embodiments and implementations
are possible within the scope of the imnvention. One or more
of the duct valves, for example, may 1include a first (e.g., two
way) duct valve arranged with the respective first vectoring,
duct and a second (two way) duct valve arranged with the
respective second vectoring duct. In another example, the
thrust vectoring nozzle may be utilized 1n various different
turbine engine and aircrait configurations other than the ones
illustrated 1n the drawings. Accordingly, the present inven-
tion 1s not to be restricted except 1 light of the attached
claims and their equivalents.

What 1s claimed 1s:

1. A turbine engine exhaust nozzle, comprising:

a core gas duct;

a nozzle duct extending along a longitudinal centerline to

a nozzle duct outlet, wherein the nozzle duct directs a
first portion of core gas from the core gas duct through
the nozzle duct outlet along the centerline during a first
mode of operation and a second mode of operation; and

a thrust vectoring duct system comprising a duct valve

that connects the core gas duct to a first vectoring duct
during the first mode of operation, connects the core
gas duct to a second vectoring duct during the second
mode of operation, and disconnects the core gas duct
from the first vectoring duct during the second mode of
operation;

wherein the first vectoring duct comprises a first vectoring

duct outlet, and directs a second portion of core gas
from the core gas duct through the first vectoring duct
outlet along a first trajectory;

wherein the second vectoring duct comprises a second

vectoring duct outlet, and directs a third portion of core
gas from the core gas duct through the second vectoring
duct outlet along a second trajectory that 1s angularly
ofset to the first trajectory and diverges laterally away
from the centerline; and

wherein the first vectoring duct 1s laterally between the

nozzle duct and the second vectoring duct.

2. The nozzle of claim 1, wherein the first trajectory 1s
substantially parallel to the centerline.

3. The nozzle of claim 1, wherein the second trajectory 1s
substantially perpendicular to the centerline.

4. The nozzle of claim 1, wherein the first vectoring duct
turther comprises a first vectoring duct inlet connected to the
duct valve, the second vectoring duct further comprises a
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6

second vectoring duct inlet connected to the duct valve, and
a flow area of the first vectoring duct inlet 1s substantially
equal to a flow area of the second vectoring duct inlet.

5. The nozzle of claim 1, wherein the second portion of
core gas directed through the first vectoring duct during the
first mode of operation 1s substantially equal to the third
portion of core gas directed through the second vectoring
duct during the second mode of operation.

6. The nozzle of claim 1, wherein the duct valve further
disconnects the core gas duct from the second vectoring duct
during the first mode of operation.

7. The nozzle of claim 1, wherein the duct valve further
connects the core gas duct to the second vectoring duct
during the first mode of operation.

8. The nozzle of claim 1, wherein the second vectoring
duct further comprises one of more vanes arranged at the
second vectoring duct outlet and that direct the third portion
of core gas along the second trajectory.

9. The nozzle of claim 1, further comprising a second
thrust vectoring duct system comprising a second duct valve
that connects the core gas duct to a third vectoring duct
during the first mode of operation, and connects the core gas
duct to a fourth vectoring duct during a third mode of
operation, wherein the nozzle duct 1s arranged laterally
between the thrust vectoring system and the second thrust
vectoring system.

10. The nozzle of claim 9, wherein the third vectoring
duct comprises a third vectoring duct outlet, and directs a
fourth portion of core gas from the core gas duct through the
third vectoring duct outlet along a third trajectory, and
wherein the fourth vectoring duct comprises a fourth vec-
toring duct outlet, and directs a fifth portion of core gas from

the core gas duct through the fourth vectoring duct outlet
along a fourth trajectory that 1s angularly oflset to the third
trajectory.
11. A gas turbine engine, comprising:
an engine core comprising a compressor section, a com-
bustor section and a turbine section; and
a nozzle that receives core gas from the engine core
through a core gas duct, the nozzle comprising,
a nozzle duct extending along and laterally centered on
a longitudinal centerline to a nozzle duct outlet,
wherein the nozzle duct directs a first portion of core
gas from the core gas duct through the nozzle duct
outlet along the centerline during a first mode of
operation and a second mode of operation; and
a thrust vectoring duct system comprising a duct valve
that connects the core gas duct to a first vectoring
duct during the first mode of operation, connects the
core gas duct to a second vectoring duct during the
second mode of operation, and disconnects the core
gas duct from the first vectoring duct during the
second mode ol operation;
wherein the first vectoring duct comprises a first vec-
toring duct outlet, and directs a second portion of
core gas from the core gas duct through the first
vectoring duct outlet along a first trajectory;
wherein the second vectoring duct comprises a second
vectoring duct outlet, and directs a third portion of
core gas from the core gas duct through the second
vectoring duct outlet along a second trajectory that 1s
angularly oflset to the first trajectory and diverges
laterally away from the centerline; and
wherein the first vectoring duct outlet i1s laterally
between the nozzle duct outlet and the second vec-
toring duct outlet.
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12. The engine of claim 11, wherein the first trajectory 1s
substantially parallel to the centerline.

13. The engine of claim 11, wherein the second trajectory
1s substantially perpendicular to the centerline.

14. The engine of claim 11, wherein the first vectoring
duct further comprises a first vectoring duct inlet connected
to the duct valve, the second vectoring duct further com-
prises a second vectoring duct inlet connected to the duct
valve, and a flow area of the first vectoring duct inlet 1s
substantially equal to a flow area of the second vectoring
duct 1nlet.

15. The engine of claim 11, wherein the second portion of
core gas directed through the first vectoring duct during the
first mode of operation 1s substantially equal to the third
portion of core gas directed through the second vectoring
duct during the second mode of operation.

16. The engine of claim 11, wherein the duct valve further
disconnects the core gas duct from the second vectoring duct
during the first mode of operation.

17. The engine of claim 11, wherein the duct valve further
connects the core gas duct to the second vectoring duct
during the first mode of operation.

18. The engine of claim 11, wherein the second vectoring
duct further comprises one of more vanes arranged at the
second vectoring duct outlet and that direct the third portion
of core gas along the second trajectory.

19. The engine of claim 11, further comprising a second
thrust vectoring duct system comprising a second duct valve
that connects the core gas duct to a third vectoring duct
during the first mode of operation, and connects the core gas
duct to a fourth vectoring duct during a third mode of
operation, wherein the nozzle duct 1s arranged laterally
between the thrust vectoring system and the second thrust
vectoring system, wherein the third vectoring duct compris-
ing a third vectoring duet outlet, and directs a fourth portions
of core gas from the core gas duct through the third
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vectoring duct outlet along a third trajectory, and wherein
the fourth vectoring duct comprises a fourth vectoring duct
outlet, and directs a fifth portion of core gas from the core
gas duet through the fourth vectoring duct outlet along a
fourth trajectory that 1s angularly ofiset to the third trajec-
tory.
20. A turbine engine exhaust nozzle, comprising:
a core gas duct extending along a centerline;
a nozzle duct flmidly coupled with the core gas during a
first mode, a second mode and a third mode, wherein
the nozzle duct 1s configured to exhaust core gas
received from the core gas duct along a first trajectory
which 1s substantially parallel with the centerline;
a plurality of vectoring ducts including a first vectoring
duct and a second vectoring duct, wherein the first
vectoring duct 1s arranged laterally between the nozzle
duct and the second vectoring duct, wherein the first
vectoring duct 1s configured to exhaust core gas
received from the core gas duct along a second trajec-
tory, and wherein the second vectoring duct 1s config-
ured to exhaust core gas received from the core gas duct
along a third trajectory which 1s angularly offset from
the first trajectory and the second ftrajectory and
diverges laterally away from the centerline; and
a thrust vectoring duct system configured to
fluidly couple the core gas duct with the first vectoring
duct and the second vectoring duct during the first
mode;

fluadly couple the core gas duct with the first vectoring,
duct and fluidly decouple the core gas duct from the
second vectoring duct during the second mode; and

flmadly couple the core gas duct with the second vec-
toring duct and fluidly decouple the core gas duct
from the first vectoring duct during the third mode.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. . 9,435,292 B2 Page 1 of 1
APPLICATION NO. . 13/403662

DATED . September 6, 2016

INVENTOR(S) - Wendell V. Twelves, Jr.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 7, line 34-35, please delete “comprising™ and msert --comprises--
Column 7, line 35, please delete “duet” and insert --duct--

Column 7, line 35, please delete “portions™ and 1nsert --portion--

Column 8, line 4, please delete “duet” and 1nsert --duct--

Signed and Sealed this
Twenty-fifth Day of October, 2016

D cbatle X Zea

Michelle K. Lee
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